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Abstract 

The objective - to compare the efficacy of surgical interventions to replace jaw defects 

with the use of different types of bone grafts based on objective clinical and radiological 

criteria. The study included 90 patients with postoperative jaws defects. They underwent 

reconstructive operation for creating conditions for further prosthetic rehabilitation. The 

patients were divided into 3 randomized groups, depending on the surgical treatment used: 

group I - xenogenic bone substitutes were used, group II - autologous corticocancellous bone 

grafts from the iliac crest and in group III autograft combined with PRGF. Patients' status was 

assessed in the early (up to 1 month) and long-term postoperative period (more than 6 

months).  In the study series, xenogenic materials showed the highest volumetric stability in 

the remote postoperative period (19,9 ± 8,1% versus 45.6 ± 21.84% for bone autografts). 

However, autologous grafts demonstrated better integration and quality of bone tissue. There 

were no significant differences in frequency of postoperative complications or the possibility 

of implant placement in the study groups. The use of PRGF in combination with autograft 

accelerated the regeneration of soft tissues, but it does not affect significantly the incidence of 
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infection complications and volume loss of the bone grafts. 

Key words: autologous bone grafts, xenografts, PRP, PRGF, bone volume and 

density 

 

Background. Reconstruction of the jaw defects caused by congenital pathology, 

chronic inflammatory processes, traumatic injuries and surgical interventions for tumours and 

tumour-like lesions is a complex challenge in maxillofacial surgery [1, 2]. Extensive bone 

defects (critical size defects) fail to heal spontaneously; therefore, the main method of their 

treatment is the replacement with bone grafts or synthetic bone substitutes with various 

physical, mechanical and biological properties[3, 4]. The main options for bone replacement 

widely used in clinical practice include auto-, allo-and xenografts. Their biological behaviour, 

advantages and disadvantages depend on the origin, physical and mechanical properties, 

chemical composition, architectonics and microstructure [5-7]. 

In management of the facial bone defects, the use of free bone autograftsis considered 

as a ‘gold standard’ by many authors [7, 8, 11]. The autologous bone provides the biologically 

active proteins, growth factors and viable osteogenic cells to the recipient site, which 

significantly increases the efficacy of the bone grafting procedures. Autologous bone grafts 

are characterized by high biocompatibility, regenerative potential, osteoinductive properties, 

minimal risk of allergic or immune responses, resistance to infections, and the capability of 

adaptive remodeling unfavorable clinical and biological conditions [8, 9].Despite the obvious 

advantages, autografts have a number of drawbacks, involving among others an increase in 

the duration and complexity of surgical interventions, the risk of complications in the donor 

site and the limited volume of bone tissue, especially when the graft is harvested from 

intraoral sites, as well as the volume loss and resorption of autotgrafts during regeneration and 

bone remodelling in the defect area [12] . According to the literature, the degree of resorption 

can range from 12 to 85%. [13-15] 

In order to reduce the invasiveness of bone grafting procedures and increase their 

predictability, xenomaterials have gained widespread use [10, 16-19]. They are applied 

independently or in combination with autologous bone [20]. Xenografts are represented by 

natural hydroxyapatite or deproteinized bone which have good osteoconductive properties and 

high biocompatibility. The microstructure of xenogeneic materials corresponds to the natural 

three-dimensional structure of the human bone and thus it ensures rapid vascular invasion in 

transplantation sites, migration and fixation of osteogenic cells on the material surface, acting 

as a matrix for building new bone structures [10]. In the process of reparative regeneration 
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and bone remodelling, the bone substitutive material is gradually absorbed and replaced by 

the newly formed bone tissue. [16-18] 

A number of experimental studies and randomized clinical trials have shown the 

clinical efficiency of xenomaterials [16-19]. The resorption of xenomaterials is lower than 

that of autotransplants however, their remodelling takes a long time, and the resulting bone 

tissue can substantially differ from the intact bone in structure, biological, physical and 

mechanical properties [10, 21]. During reparative regeneration, complex tissue structures arise 

at the defect site. They contain bone areas with different architectonics and mineral density, 

pores, zones of the connective tissue growth and residual parts of the material undergoing 

structural degradation. Histological studies show that the residual material particles can be 

present in bone regenerate even 10 years after surgery [22]. The fragility and possibility of 

material migration further affects the biomechanical properties of the bone in the 

transplantation site and the functional outcomes of the surgical intervention. In addition, 

unlike bone autografts, xenomaterials do not have osteoinductive or osteogenic properties 

[10]. Therefore, in cases where osteogenic potential and blood supply of the recipient site are 

compromised, authors recommend to give preference to autografts and reparative medicine 

techniques, in particular, application of the stem cells and growth factors in order to optimize 

the regeneration process in the bone grafting area [23]. In recent years, the combination of 

grafts with platelet concentrates (PRP) has been used to fill the jaw defects [24]. Autologous 

growth factors contained in platelet alpha granules, in particular the transforming growth 

factor-beta (TGF-β), vascular endothelial growth factor (VEGF), platelet-derived growth 

factor (PDGF) and others (IGF-1, FGF, EGF) enhance tissue regeneration by stimulating cell 

proliferation, synthesis of extracellular organic matrix, vascular invasion, etc. Some 

researchers have shown the improvement in the regenerative processes and wound healing of 

soft tissues in PRP usage, but as for the bone tissue, the obtained results are controversial 

[25]. 

Thus, further studies are necessary to define the indications for use of the different 

types of bone grafts and to improve the efficacy of treatment for the facial bone defects. These 

studies should be aimed at a comparative assessment of the clinical efficacy and identification 

of factors that influence the surgical outcomes.  

The purpose of this randomized prospective study was to compare the efficacy of 

surgical interventions to replace jaw defects with the use of xenogenic and autologous bone 

grafts, as well as their combination with plasma rich in growth factors (PRGF) based on 

objective clinical and radiological criteria.  
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Materials and methods. The patients with postoperative jaw defects treated at the 

Centre for Maxillofacial Surgery and Stomatology, Kyiv Regional Clinical Hospital were 

included to the study. From 2012 to 2017, 90 patients aged from 16 to 60 years (average age 

37.6 ± 13.4 years) were selected. They underwent reconstructive operations for replacing jaw 

defects with bone grafts and creating conditions for further prosthetic rehabilitation. The 

exclusion criteria were the following: age under 16, radiation- or chemotherapy in anamnesis, 

a concomitant decompensated somatic pathology, systemic osteoporosis, endocrine 

pathology, which can affect the metabolism of the bone tissue, mental illness, HIV, steroid 

therapy, chronic alcoholism or drug addiction, non-compliance with medical 

recommendations and lack of interaction with a doctor in the postoperative period, refusal of 

the patient to participate in the study. According to aetiology, the distribution of patients was 

as follows: 58.2% were operatedforfacial bone tumours and tumour-like lesions, 41.8% had 

defects of the alveolar process associated with traumatic multiple teeth removal, age-related 

atrophy or chronic inflammatory processes. The male to female ratio was 1:1.33. The patients 

were divided into 3 randomized groups, depending on the surgical treatment used (fig.1).  

In group I, xenogenic bone substitutes (deproteinized animal bone matrix) were used 

in the form of granules 1-2 mm in diameter (Tutobone®, Gernamy, Alpha-Bio's Graft, Israel), 

or milled bone blocks (Ilaya, Ukraine), the maximum size of which reached 3-3.5 cm3. 

In group II, autologous corticocancellous bone grafts obtained from the iliaccrest were 

used to fill the defects. The bone blocks were fixed in the correct position by screws or 

titanium mini-plates (I-Plant, Ukraine). In group III, the defects were replaced by bone 

autograft combined with PRGF (BTI, Spain). To obtain PRGF, samples in standard test tubes 

containing 0.9 ml of 3,8 % sodium citrate per 8.1 ml of blood were centrifuged (580 g) for 8 

minutes. The resulting plasma was divided into two fractions (F1 and F2). Fraction F2 was 

represented by ‘platelet concentrate’ with the highest platelet content, whereas fraction F1 

was low in platelets and was used to form the fibrin membrane. Calcium chloride (0,5 ml per 

1 ml of plasma) was added to the selected fractions to activate the coagulation and to form a 

clot or membrane. The resulting clots were added to the defect together with the autologous 

bone, and the fibrin membranes derived from fraction F1 were used to cover the graft before 

the surgical wound suturing. (Table 1). 
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Figure 1. Reconstructive procedures with the use of different types of bone grafts: 1 - 

xenogenic bone substitutes; 2 - autologous bone grafts; 3- autologous bone grafts combined 

with PRGF. 

 

In the postoperative period, all patients received anti-inflammatory and antibacterial 

therapy in accordance with standard protocols. Patients' status was assessed throughout their 

stay in the hospital and during control visits in the early (up to 1 month) and long-term 

postoperative period (more than 6 months). In the early postoperative period, the intensity of 

pain (VAS scale), the severity of edema, and the terms of wound epithelization were 

determined. To establish the integral efficacy of bone grafting procedure, clinical and 
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radiological criteria proposed by Barone et al. were used [26]. 

Table 1 

General characteristics of jaw defects in clinical groups 

Clinical group Group I 

(xenogenic bone 

substitutes) 

Group ІІ 

(autologous bone 

grafts) 

Group III (autologous 

bone grafts combined 

with PRGF) 

The average age of 

patients 

38.3±12 38.3±14 36.2±13.4 

Associated somatic 

pathology 

29.6% 21,8% 24.3% 

Harmful habits (smoking, 

alcohol abuse) 

11.1% 15.5% 16% 

Average defect volume, 

mm3 

2055±929.2 3013±2767 3103±1011 

Localization of the defect  

- maxilla  

- mandible 

 

59.3% 

40.7% 

 

59.5 

40.5 

 

58.06 

41.94 

Primary reconstruction 48.2% 55.1% 45.1% 

Terms from defect 

formation to secondary 

reconstructions (months)  

28.3 ± 8.2 21.6+9.5 26.1 ± 3.2 

 

They included the absence of bone graft exposure, infection complications and sites of 

bone destruction on radiograms, the integration and absence of graft mobility in the recipient 

site, bleeding from grafted bone during drilling for dental implantation, and the presence of 

sufficient bone volume for dental implants placement or fixation of removable dentures in the 

long-term postoperative period. 

In addition, all patients underwent cone-beam tomographic examination on 

PlanmecaProMax 3D with a subsequent analysis of the obtained data using SimPlantPro 

11.04 software (Materialize, Belgium). Computer tomography was performed before surgery, 

in the early (up to 1 month) and late (more than 6 months) postoperative period. Based on the 

obtained data, the processes of regeneration, resorption and remodelling of the bone grafts 

were evaluated. In addition, using special tools for segmentation and editing of the 3-D 

images, virtual models of the bone grafts were created in the software environment, their 

volume was determined, and the percentage of different bone types by C. Misch (1999) was 

calculated in the area of bone reconstruction [28]. Additionally, the bone density of the 

recipient site was evaluated near the border of the defect in the pre-and postoperative period. 

Statistical analysis of the data included the calculation of mean values, and standard 

deviation for each parameter in the clinical groups. The Kolmogorov-Smirnov test for 
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normality verification was used to determine the distribution pattern of the sample. For 

analysis of the data the non parametrical statistics was applied. The Mann–Whitney U test 

was used to compare the differences between the clinical and radiological parameters in the 

study groups The level of significance was set at p<0.05. Statistical calculations were 

performed in SPSS Statistics software environment (IBM SPSS, USA). 

The study was approved by the Bioethics Commission at the Bogomolets National 

Medical University.  

Results. Analysis of the clinical and radiological data revealed a significant variation 

of the bone defects in shape and size. Defects up to 3 cm3 were observed in 59 % of the 

patients, from 3 to 5 cm3– in 29,6 % and over 5 cm3– in 11,4 %. The average defect volume 

was 2723 ± 4033 mm3. 

Primary reconstructions immediately after removal of tumours or affected bone were 

used 49,4 % of patients. In other patients, the surgery was performed within the period from2 

to 36 months from the time of defect formation, on average 25±6,9 months. 

The duration of surgical intervention in the studied patients was 57.4 ± 29.3 minutes. 

It was significantly higher (p<0,05) in patients of groups II and III. Although the graft 

harvesting from the iliac crest was performed simultaneously by a second brigade of 

surgeons, in cases with complex geometry of the defect, bone autografts required preliminary 

preparation and reshaping, sometimes fragmentation, to achieve a certain compliance with the 

relief of the recipient area, and it increased the time of the surgery. The average length of the 

hospital stay was 5,42±2,28 days and it did not differ significantly between clinical groups. 

The course of the early postoperative period in patients depended on the size of the defect and 

the applied method of surgical intervention. While analysing the severity of the pain 

syndrome, edema and the terms of wound epithelization in the oral cavity, it was found that 

the above parameters were significantly lower in the III group where the PRGF was used 

(Table 2). 

Complications in the early and long-term postoperative period occurred in 13,02 % of 

the operated patients. Among them, infection complications and the graft exposure with 

wound dehiscence were prevalent. The use of appropriate conservative and surgical measures, 

in particular long-term antibiotic therapy, allowed retaining partially the grafted bone in the 

defect site and to use it for further implantation and prosthetic rehabilitation in most of the 

patients. Only 6 % of the grafts were completely lost, requiring secondary bone surgery and 

reconstructive interventions. Differences in the frequency and structure of postoperative 

complications in the study groups were not significant for this number of observations, 



 263 

although, when using PRGF in group III, their frequency and severity were somewhat lower 

than in groups I and II. 

Table 2 

Clinical efficacy of reconstructive procedures with the use of different types of bone grafts 

Clinical group Group I (xenogenic 

bone substitutes) 

Group ІІ 

(autologous bone 

grafts) 

Group ІІІ 

(autologous bone 

grafts combined with 

PRGF) 

Average duration of 

surgery 

57.7±28.9 79.5±35.1 82.5±24.09 

Loss of graft volume 

within 6 months 

19,9±8,1*II, III 45.6±21.84 46,1±23,8 

Frequency of infection 

complications and 

exposure of grafts in 

the postoperative 

period 

14.8% 15.1% 9.2% 

 

Terms of complete 

wound epithelisation 

in the oral cavity 

7.1±1.05days 7.3±0.94days 5.3±0.75days*І, ІІ 

Duration of severe 

postoperative edema 

3.8±0.98 days 4.92±1.3 days 2.6±0.6days*ІІ 

 

Expression of pain 

syndrome on  VAS in 

the early postoperative 

period  

4,43±0,72 5,26±0,94 2,8±0,64*І, ІІ 

Installation of dental 

implants into the bone 

grafts 

68.96% 59.5% 

 

61.23% 

Radiological density 

of the bone in the site 

of the bone grafting 

within 6 months. 

D4 35.2+ 11,4 

D3 40.7+18.2% 

D1 and D2 

24.2+16.7% 

D4 55.6±16.4% 

D3 39.3±12.3% 

D1 and D25±6% 

D4 52.4±17.3% 

D3 42.5±14.8% 

D1andD2 5±6.5% 

*- differences between groups are significant, p<0.05 

 

75,4 % of all operated patients required prosthetic rehabilitation. In all these cases, 

non-removable and removable prosthetic constructions were manufactured or dental implants 

were placed (in 63,2 % of cases) (fig. 2). An intra operative assessment of the graft 

integration and remodelling in the recipient area during installation of dental implants 

revealed that in all cases the bleeding of the bone graft was present, indicating the restoration 

of the vascular net. In all observations of group ІІ and ІІІ the signs of bone graft integration 

with recipient bone were detected. In group І, in the site of xenogenic bone grafting, the bone 

tissue conglomerates with varying degree of maturity, non-uniform density and inclusions of 
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residual material particles were seen. When dental implants were placed, in all cases the 

torque level of 30 Ncm or more was reached. In groups of patients with autografts (groups II 

and III), primary implant stability was higher, however, the differences for this parameter 

with group I were insignificant. 

 

 

 

 

A  B 

   

 

 

 

C  D 

Fig. 2 Implant placement after bone reconstruction procedure with autologous bone 

graft from iliac crest 

А. Odontogenic ceratocyst of the mandible before radical surgical removal 

B. Defect filled with autologous bone graft at 5 month follow-up 

C Implant placement 5 months after bone grafting procedure 

D. Immediate loading of the implants with temporary crowns 

 

Evaluation of the volumetric stability of the grafts in the long-term postoperative 

period revealed that autotransplants during their remodelling in the recipient site lost the 

volume by 45,6±21,8 %, the differences between groups II and III (PRGF group) for this 

parameter were insignificant (fig. 3).The mean loss of xenomaterial volume consisted 19,9 

%±8,1. It was significantly lower than in groups II and III.  
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Fig. 3. Bone volume loss within the autologous bone graft caused by its resorbtion and 

remodeling 

A. 3-D model of the graft immediately after the operation 

B.   3-D model of the graft at 6 month follow up. 

 

Autologous grafts remodelling was characterized by an increase in the radiological 

density of the spongious layer of the graft: the percent volume of the type D3 bone increased 

by an average of 15,9+13,6 %, and the volume of type D4 bone decreased correspondingly 

(fig. 4). Thus, following the volume loss, during adaptive remodelling, autologous bone grafts 

underwent a structural transformation, acquiring better mechanical properties. At the same 

time, the use of platelet concentrates in combination with autologous grafts did not 

significantly affect the changes in their volume and density. 

 

Fig. 4. Distribution of the bone tissue with different mineral density in the areas of 

bone reconstruction: A – Xenogenic material  (group I), B - Autogenous bone graft (group II). 
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In group I at the site of grafted xenogenic material, after 6 months from the surgical 

intervention, the bone structure was significantly different from the normal jaw architectonics. 

The bone conglomerates had a higher density compared with autografts from the iliac crest. 

Although type D3 bone tissue was the most predominant (an average of 40,7+18 %), the bone 

content of type D1 and D2 turned out to be significantly higher (p <0,05). These types of bone 

were presented by numerous diffuse small areas located inside the regenerate, which 

determined the mosaic structure of the bone conglomerate with a chaotic alternation of areas 

with higher and lower radiological density. Pores and bone marrow spaces were practically 

absent. This generally determined the lower quality of the bone regenerate in its mechanical 

and biological properties compared with the remodelled bone autografts in groups II and III. 

Discussion. The issue of the optimal method for replacing bone defects of the jaws 

and creating the bone volume sufficient for dental implantation and adequate prosthetic 

rehabilitation remains the subject of scientific discussion [13, 19, 27].According to the 

literature, none of the existing bone replacement materials can ensure the predicted 

achievement of desired outcomes in all clinical cases. Each of the many methods based on the 

use of auto-, allo- and xenogenic grafts has its own drawbacks and limitations of usage, which 

are interpreted in differently in various scientific papers, clinical guidelines and protocols [28, 

29]. 

At present, most authors consider that the use of bone autografts with good 

osteoinductive and osteoconductive properties is a ‘gold standard’ of replacing large jaw 

defects [7, 8, 11].The present study demonstrated satisfactory results in 87 % of patients when 

using autologous bone grafts (according to Barone et al. criteria), which is generally 

consistent with the results obtained by other authors [30, 31]. The main causes of failure 

during reconstructive procedures included the development of infectious complications, 

wound dehiscence and graft exposure, which arose mainly in the early postoperative period. 

Noteworthy is the fact that only in 6 % of cases the complications resulted in complete loss of 

graft and the need for secondary reconstructions. 

At the same time, long-term follow up findings from CT data revealed the main 

disadvantage of autologous bone application in bone reconstruction, namely its volumetric 

instability and significant loss of volume following resorption and bone graft remodelling [13-

15]. According to our data, during the first 6 months, by the moment when in the majority of 

patients the dental implants or final dentures were installed, an average loss of graft volume 

was 45,6±21,84 % and in individual observations it reached 65,3 %. Although in the present 

study, dental implants were successfully installed in 63,23 % of patients, to achieve such 
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outcomes, we had to plan carefully all treatment and rehabilitation measures, select specific 

implantation systems and use surgical guides to determine the appropriate position of the 

implant, taking into account the topographic features of resorption and bone graft 

rearrangement. 

Xenogenic bone substitutes in group I provided satisfactory results in 85,2 % of cases, 

which did not significantly differ from the results in groups II and III, but they showed higher 

levels of volumetric stability. The main disadvantage of xenogeneic bone materials, revealed 

in this study, was that bone conglomerates formed as a result of their remodelling differed 

significantly from the intact jaw bone in structure, physico-mechanical and biological 

properties. Our findings do not confirm the results of the authors (RenzoGuarnieri, 2016 and 

BaroneA., 2012) who showedthat xenogeneic graftscan be completely replaced by the normal 

bone within 6-14 months, with the exception of small fragments [32, 33]. When 

placingimplants in this group of patients, in any case, we did not observe a complete 

reorganization of the xenogeneic material or its replacement with the newly formed bone 

tissue. The degree of xenograft integration with the surrounding bone tissue was always lower 

than in cases with the autologous bone. According to the CT, the bone conglomerate, which is 

formed in the site of xenogeneic bone grafting, was characterized by a higher density, almost 

complete absence of pores and bone marrow spaces, a mosaic internal structure with a chaotic 

alternation of areas with higher and lower radiological density, simpler geometry of structures 

with different mineral contentas compared with the intact bone. This determined the worse 

biomechanical characteristics and the lower resistance of bone than in autologous grafts. 

Thus, in most cases, the techniques of bone reconstruction with autologous or 

xenogeneic grafts allowed creatingthe adequatebone volume,restoringthe anatomical shape of 

the bone and its function, as well as further prosthetic rehabilitation. However, the quality of 

the formed bone tissue and its architectonics substantially differed from the normal organ-

specific architectonics of the jaw. This should be taken into account whenselecting the 

optimal type of dental implants, determining the time of their placement and loading, the type 

of prosthetic construction to be installed, etc. 

The present study also confirm the authors' opinion that one of the main challenges 

that arise when replacing large jaw defects is the low predictability of the outcome in terms of 

bone graft remodeling and its integration with the recipient bone in each individual case [34, 

35]. It is known that in patients with compromised regenerative potential resulting from a 

deteriorated condition of somatic health, age-related changes, genetic predisposal, or 

unfavourable local conditions, the course of regeneration and graft remodelling may slow 



 268 

down and change qualitatively, which compromise integral treatment outcome. In this regard, 

there is a tendency for an active search for new options to optimize the processes of bone 

reparative regeneration [36]. One of such options is plasma rich in platelets, and one of the 

variations offered by E. Anitua - the method for obtaining plasma rich in growth factors 

(PRGF) [37]. The authors prove that PRGF is capable of stimulating osteogenesis and 

angiogenesis by creating a fibrin matrix that promotes cellular migration, activates the 

processes of proliferation and differentiation of connective tissue cells, and increases the 

synthesis of the organic bone matrix [38]. At the same time some authors reported no 

significant differences in the long-term outcomes of bone regeneration while using PRGF as 

compared with the control group after tooth extraction, periodontal operations, etc [38, 40, 

41]. 

Our study have shown that the use of PRGF (BTI, Spain) in autologous bone grafting 

procedures is capable to accelerate wound epithelisation, reduce pain and edema in the early 

postoperative period, and slightly reduce the incidence of complications [39]. However, we 

have not revealed a statistically significant effect of PRGF on the volumetric stability or 

mineral bone density in the long-term postoperative period. This can be explained by the fact 

that the growth factors contained in the platelet granules act primarily on the angiogenesis, the 

proliferation of the epithelium and fibroblasts and to a lesser extent influence the osteogenic 

stem cells and the bone matrix formation. A similar conclusion comes from Rivera C, 2013, 

who showed that platelet concentrates practically do not affect osteogenic precursor cells 

(stem cells), whose differentiation is regulated mainly by morphogenetic bone proteins 

(BMPs) [40]. Wiltfang J, 2004, and Thor A, 2007 reported that the osteoinductive effect of 

platelet plasma is only partially manifested in the initial stages of bone regeneration due to 

activation of pre-osteoblasts chemotaxis, and further it became non-significant under the 

influence of other factors regulating bone tissue metabolism [41, 42]. 

Thus, the study did not reveal significant differences in the integral outcome of 

treatment in patients with jaw defects. At the same time, it demonstrated certain pros and cons 

of each technique used. This indicates the need for a differentiated and personalized approach 

to selecting the bone grafting method in each particular situation. 

Conclusions. 1. In the study series, xenogenic materials showed the highest 

volumetric stability in the remote postoperative period (19,9 ± 8,1% versus 45.6 ± 21.84% for 

bone autografts). However, autologous grafts demonstrated better integration and quality of 

bone tissue, which was formed during the process of regeneration and remodelling of the 

graft. 
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2. There were no significant differences in frequency of postoperative complications 

within the 6 months or the possibility of implant placement in the study groups. Implants 

installed in the area of autologous bone grafts demonstrated the higher primary stability, 

although for a given number of observations, the differences were statistically insignificant. 

3. The use of PRGF in combination with autologous bone grafts accelerated the 

regeneration of soft tissues and reduced the time of wound epithelisation, postoperative 

edema and pain syndrome, but it does not affect significantly the incidence of infection 

complications and the severity of postoperative resorption and volume loss of the bone grafts. 
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